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Transmittal  of  A\  eo  Duarnert  A  VSi  -0  ’b~ 90 C 9 , 

General  To  at  Report,  Ivl  Mill/  M  K  l  2  A  Reentry  Vehicle, 

C’c-  i-b.i.;/C;t  (•!<.«:■  Mnseliu  Pi'  oduct  ion,  dated  7  ’  February  l'.UlO. 
Contract  F04704  -78 -C-0036 


Reference:  A.  Subject  Contract,  A.ltnchmenl  1,  Task  4,2.1.  1. 

R.  CiA  ! .  S-e<.c. •••<..■  •'Jrr.b,  a  (s'  \  ?. 

C.  CDRB  Sequence  Number  ot'.OAZ  , 

D.  Avrn  Docnoient  A  V.SD-0302-79-CR,  General  Test  It  e|ior; , 
dated  13  December  1979 

E.  BMC  Better  dated  24  January  1 980,  Subject:  Avco  Carbon ••Cuvi.nip 
Nosotip  Test  Report 

The  subject  document,  is  transmitted  herewith  in  accordance  with  Reference  A 
and  in  compliance  with  Reference  B  and  as  formatted  in  Reference  C.  This 
document  is  a  resubmit  In  l  of  Reference  D  which  was  considered  incomplete  per 
Reference  1C. 
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A  s  rctjui  l  i  d  one  (I)  «!‘  •  e.ilied  billet  out  of  eat  hHt*ir4y-si.\  {do)  prow:  :»ed 
is  randomly  srU'clf-c!  ami  subjected  In  the  Production  Put  S-tt'nplin*;  Tost;,  speci tied 
it:  on  rat’  ra  ph  J  of  the  I  apii  pmenl  Test  Plan,  A  V  S !.)-()  ••  71!  -  C  j\ ,  doled  I  | 

March  197V.  Several  tost  results  were  encountered  which  did  not  fall  within  the 
values  specified  in  (lie  individual  Cunlily  Assurance  Test  Procedures  (OATP's). 

A  summa  ry  of  all  tost  results  from  1  ’I  ,S-  -  3,  and  -A  and  rationale  concerning 

the  va  rian  rrsVi  11  he  presented.  All  data  has  been  compiled  on  previ  ai;.;^ 
presented  Figure;.  7,  8,  arid  V  from  t’ne  i .a,i:i  ;>n h  i , i  Test  PI. -a,  and  ’ml:.'  d  herein 
as  the  General  Test  Uoporl,  Product  inn  Lot  .Sampling,  in  act  o  rdance  nilh  C  |)UL 


The  summary  of  lest  results  arc  presented  for  *P1  ,,5~2  on  I'igutes  1 
through  -l,  for  Pl.S- 3  on  Figures  5  through  8,  and  for  PLS- 4  on  l**i :•  41  res  9 
through  1.’. 

Any  lest  results  not  conforming  to  l  Ik-  requj  re.ment  s  of  Anne:-:  1A  to 
A  Itachnu-nt  I  of  Contract  L'O-iVO  1  -  Vo- C -00  36  have  been  denoted  by  an  a  si  e  r  i . 

The  following  is  a  summary  of  the  tent  results  which  did  not  conform  In 
tht-  specification  value:;: 

T  o  s  l  Effect  i  vil  y 

Thermal  Conductivity  PLS-2,  PLS-3,  PLS-4 

Compressive  Yield  Strength  Specimen  CX-2  from  PLS-2 

45°  Xy  tension  .  1%  offset  Yield  Specimen  TXY-l  from  PT.S-4 

2  •  0  RATIONALE  FOR  NON -CON  FOR  MING  RESULTS 

2-  *  Thermal  Conductivity  -  The  underlined  test  results  in  Table  l  do  not 
conform  to  the  specification  requirements. 

ta  i;u:i 


T  her  in  a  1  C  0  n  d  u  c  t  i  v  i  t  y 

Req  uiremenl 

BTU  in  /hr  ft2  °F 

PLS 

2 

PLS 
_ 3 _ 

Pl. 
_ 4 

z  ©  900  F 

640  -  760 

824 

638 

630 

z  ©  1  500°F 

410  -  480 

460 

490 

470 

x  ©>  500  F 

810  -  985 

968 

915 

910 

x  ©  1500°F 

495  -  590 

630 

610 

600 

2.  1.  2  Rationale  -  As  has  been  discussed  at  recent  TI/TD  meeting, 
the  specification  requirements  for  thermal  conductivity  were  established  on  a 
limited  lest  data  base  (3  billets).  Recent  discussion.';  between  Avcu,  BiViO,  TKW 
and  SoR]  has  resulteil  in  agreement  to  reestablish  the  requirements  when  a 
sufficient  data  base  has  been  reached  (possibly  when  ten  (10)  PLS  tests  have  been 
performed).  In  the  meantime  all  conductivity  tests  will  he  performed  at  Solti 
with  cor  responding  tests  being  performed  at  Avcu  to  establish  a  correllat  ion  of 
attainable  values,  equipment  variables  and  lest  procedures. 


2.2  f  !»mp  i-f  s  :;i  v«;  Yield  .Si  reiudh  -  The  compressive  yield  strength  fur  IM.S 
!!  ?.  (•••I  :  ai .  :>  v.u,  14,'tOO  |u:i  v::.  (In1  miniiiunn  ri-qui  mnrnl  u!'  1  r>,  7.00 

p«i. 

2.2.  I  Rationale  -  The  original  tost  data  for  estaldi  rising  the 
minimum  requirement  was  based  upon  6  tests.  These  touts  yielded  an  average 
value  nf  17, -100  p.-.i  .••.nd  a  .standard  deviation  of  0.94.  l;‘urther  testing  of  the 
I1  \V  Pl'  lias  revealed  that  alter  lb  tests  the  average  value  is  17,000  psi  and  llu: 
standard  deviation  is  1.7.1.  lhised  upon  these  lest  data  the  test  result  is  within 
tie-  i'."'  :■(!■•. !  par -id  a .  J(  appears  that  further  te:  iin<r  ef  tin-  IV.  I'!'  is  required 
to  establish  a  more  meaningful  data  base,  which  can  then  hi*  used  to  possibly 
e.  i  ...  .  a'  tp-df . 

*  o  o 

2.  3  jlp _ 2.0  Tension.  -  The  49  Xy  tensile  bar  TXY-1  from  PLS--1  did  not 

meet  the  minimum  specification  requirement. 

2.  3.  1  Rationale  -  The  PLS-4  TXY-1  lest  specimen  was  pre-loaded 
prior  to  testin''.  4h;..  occurred  during  mounting  which  proceed!-  as  f;d]a\...  The 
specimen  is  first  mounted  in  the  upper  grip.  Next  the  lower  grip  is  enlaced  by  a 
collet  action  v.hirh  close?.  the  jaws  around  the  test  specimen ,  '1  hi  ,  action  i: 

created  hy  twisting  a  handle  below  the  specimen.  As  the  lower  jaw  is  closed, 
t!ie  lower  c»-.*ss-h  ••;*«’  should  be  .tised  to  comnon  r.d  e  for  the  upv.  rd  travel  in 
the  lower  jaw.  The  lower  cross-head  was  not  raised  at  this  time  to  compensate 
for  the  travel  in  the  lower  jaw,  thereby  preloading  the  specimen.  This  preload 
was  riot  recorded  because  the  pen  was  not  engaged  and  prior  to  testing  the  recorder 
pen  v.  r.  ?  >.d  t  >  ;.s  v  1.4, -h  -eluded  4  .•  i !  a  1  i  1  y  of  making  •  *,  deli  ,•  ’  .  :  ■ 

as  to  the  magnitude  of  the  prelo;  cl.  If  this  preload  could  have  been  accounted  fur 
in  the  measured  load,  then  in  all  likelihood  the  specimen  would  jiave  passed.  The 
minimum  preload  to  be  accounted  for  in  this  case  would  be  31  lbs.  which  when 
added  to  the  463  lbs.  obtained,  would  have  yielded  a  stress  of  3900  psi..  Ik.  sed 
upon  the  preceding  discussion  this  test  should  be  considered  a  No  i  o.sl .  The 
corrective  action  for  this  anomally  was  to  revise  QA  TP  30551  to  preclude 
preloading  of  the  specimen. 


billet  s/:;  hqooaio  <vv>u,\)  n.s-2 


PROPERTY 

TEST 

specks::: 

TEST  VALVE 

PJ.V'-J  I  DEMENT 

(min. > 

ULTIMATE  TENSILE  STRENGTH 

>: 

YX- 1 

•1  ■ 

TX-2 

29900 

TX-3 

27300 

TX-4 

26(300 

Z 

TZ-1 

26100 

16500  PSI 

TZ-2 

26800 

TZ-3 

25600 

TENSILE  MODULUS 

X 

TX-I 

14 . 1 

0 . 5  x  1 0° 

TX-2 

13.3 

TX-3 

12.9 

TX-4 

13.0 

z 

TZ-I 

12.0 

9.4  x  10f’ 

TZ-2 

11.9 

TZ-3 

12.1 

COMPRESSIVE  YIELD  STRENGTH 

X 

CX-1 

15200 

15200  PSI 

CX-2 

14900  * 

CX-3 

15900 

z 

CZ-I 

12600 

11000  l’SI 

CZ-2 

11500 

CZ-3 


12900 


n.r.  suiw.ky  data  sheet 
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Tin:!;!! AT.  E.\?AN?IOM 


A  i./l  >;  iC 

@  AOOO°i' 


X  (?  /iOGO°F 

TEX-1 

3.  AT. 

3.2  TO  A . 1 

TEX- 2 

3.35 _ 

7  Q  AOOO °r 

TEZ-1 

3.29 

3.1  TO  A  .  1 

TEZ-2 

3.  A3 

1AL  ('C'i'lUCVXYJ.TY 

r/riJ  IK /HR  M’2  or 

Z  <?  500°? 

TCZ-1 

82 A  * 

6A0  -  760 

Z  0  15C0°r 

XCZ-1 

460 

A10  -  A80 

X  @  500°F 

TCX-1 

968  A 

810  -  965 

X  <?  1500°F 

TCX-1 

630  * 

A95  -  590 

• 

type  u  :u  u.i-x 


BILLET  £/:! _ HQOfKIO  f.»LS  2) _ 

PREFORM  S/;r  A95O0U _ ("1A12A) 

DENSIF1CAT1GN  LOi’ (S)_JL _ 

BILLET  SIZE _ 8.127  x  3.241  3.2A? 

BILLET  vn: I c: >T  2790.2  grains _ 

BULK  DENS  IV  £ _ ■  •  /'i:: 

RAD J O.MSTE I C  DENSITY 

EDGE  TO  CORE  RATIO _ p.901__ 

END  TO  END  GRADIENT  O-OUi  .*. 

SIDE  TO  SIDE  GRADIENT  f,.0?l 

OPEN  POROSITY  4. 17% _ 

FRACTURE  S  (X)  None 
6  INC7, US  ION’S  Of  7  Nc~n~ _ 1 _ 

VISUAL  INSPECTION  Accept _ 

PREFORM  DATA  SUMMARY 
MISS ING/DI S PLACED  YARN 


1  >/f>7  //•> 


FIBER  ORIENTATION 

W/Tn  2° 

\ 

Z  AXIS  BENDING 

None 

Z  ELEMENT  SPACING 

W/  In  ,-fc  . 

005 

XY  LAYER  SPACING 

tv/ 1  n  +  . 

002 

BULK  DENSITY  1.096  me- fee 

DENSITY  GRADIENT  (MAX)  0.15A  f.w/cc 


i*  I  v  r.  ■  t  ’  »  •  ■ 


)’!  •:  SUMMARY  !>.•■ 

;•  \  SMELT 

MTOV-V. 

VV.M* 

••  'i  V;  I. 

■  i  c.vu-  ::/'•••-  • i:'  U 

*1  -  .  - 

1',  ]  LLKT  5/ ll  !'-Q00] lV' 

( pi  '..'U/.I 

H.S-3 

11 LT  IK  AT  1  *.;»S  i  i-E  °T 

TEST 

srr.nys.:! 

TEST  V.vU’M 

UEOUIREMEKT 
(Ml M  .  ) _ 

RI'MCT:! 

x 

'JL/-  J. 

t 

1  %  . 

TX-2 

31800 

TX-3 

2S/-00 

TX -4 

32500 

z 

TZ-1 

19600 

1.6500  PS  I 

TZ-2 

19700 

TZ-3 

22500 

TEXSII.E  MODULUS 

X 

tx-1 

14.0 

8.5  ::  10- 

TX-2 

14.0 

t 

TX-3 

13.? 

TX-4 

16.8 

Z 

TZ-1 

9.7 

9.4  x  lC/> 

TZ-2 

9.4 _ 

TZ-3 

10.9 

COMPRESSIVE  YIELD 

STREXCTil 

X 

CX-1 

16700 

15200  PS I 

CX-2 

16900 

CX-3 

_ 17200 _ _ 

z 

CZ-1 

_ 11  TOO _ 

uooo  rs: 

CZ-2 

].M'£KP _ 

CZ-3 

_ )  4000  V 

.,  . i  #  .>  •  r  '•<.  •ni  i  oj  o-vrr  >0  » » 1 


suilt 


PLS  DATA 

)Iv'n( A*!] f'.'.T  EE  -  TYPE  7  1  CAP EiX!/ C.M’.V 'OU  _RVLJ.r.TS 


)' 1L7.LT  S/'t _ K' 

■*•>1710 A  rp  1J_ ^ SA>  I’T.S- 2_ 

**  | 

UnQ'J  IKKMXXi.'  ! 

PROPERTY 

TEST  SPEC] 'LL! 

Ti:ST  VALUE 

.  iJiTX.) 

ccpuv.kssive  ::a 

LULUS 

! 

i 

X 

CX-1 

15.5 

11.2  x  ioG  rsi  j 

f 

ex-  2 

7  ‘ 

CX-3 

14.5 

i 

z 

CZ-1 

10.6 

8.4  x  1CG  rsi 

C7.-2 

10.4 

CZ-3 

11.1 

! 

/«5°  xy  TKr.'sic:;,  .a:;  offset  yield 

TXY- 1  3810  3500  PS I 


rr.o 

;ivr::_  nr 

A’T.rx/CAiE'.n:; 

- 

the?.: 

I’M.  PF.OPEXTTKS 

;p  5/1 1  ( 

I’T.s-1 

• 

:al  exeaxsio:; 

... 

<f*  L/L  10-  IX/.'.; 

0  40C'0°F 

X  @  4  0?0°F 

TEX- 1 

3.40 

3.2  TO  4.1 

TEX-  2 

3.26 

2  (3  4000°F 

TEZ-1 

3.49 

3.1  TO  4.1 

TEZ-2 

3.42 

BTU  I);/!Dl  FT2  °F 

2  @  500°F 

TCZ-J. 

638  * 

640  -  760 

2  @  150C!°i‘ 

TCZ-1 

490  * 

410  ••  480 

X  0  5CC/V 

l’CX-1 

915 

810  -  945 

X  @  15C0°F 

TCX-1 

610  * 

495  -  590 

!**f  r-.i  1 1 :  i.'  v 

TYPE  1  i  u;:  ,;i!.i,!.r 


BILLET 

s/i:. . a 

..‘.oj'.o  C 

PREFCR 

M 

: v i T )•)?.'»  (.’ 

DEUSir 

I  CATION 

LOT  (S) _ 

BILLET 

SIZE _ ; 

> .  1 2  A  3. 

BILLET 

VETCRT 

2760.7  ;; 

n.Vi  i:  i 


1  UI.U  _ >_  _ _ _  .... 

RAi) lOIKTL i C  DENSITY 

EDGE  TO  CORE  RATIO  1.0010 _ 

ELL  TO  LL  i  G. 0 , 

SIDE  TO  SIDE  GRADIENT _ OTOIO _ 

ODEN  PC- 10.  I.  I _ _ 

FRACTURES  (X)  _ None _ _ 

6  INCLUSION'S  (Y)  No  a:" _ 

VISUAL  INS  J  LOTION  Ac>::  .  T _ 

PREFORM  DATA  SUMMARY 

hiss mc/i>y. s placed  yarn 

BUNDLES  (?.) _ _ 

FIBER  ORIENTATION _ Win  2° _ 

Z  AXIS  BENDING _ N'o»n _ 

Z  ELEKEUP  SPACING _ V//1»  +  .005 _ 

XY  LAYER  SPACING _ L'/ln  :t  .002 _ 

BULK  DENSITY _ 1.091  iT.;»/cc 

DENSITY  GRADlEirr  (MAX) _ Q.Q09  yn/ci: 


LjL. 


f 

(£ 

if; 


I 


n.j  summary  data 


.  ..  ■;  */»* 

x:  v,i s lets 

BILLET  N?0.'UV.  (P1435A) 

PLE-4 

TEST 

P.KQ'JIP.I 

rnor-iT.TY 

specimen 

TEST  VALVE 

(MIN'. 

1 

ultima?::  tensile  etnenctn 

X 

TX- 1 

_ 315'  ’0 

1S200 

TX-2 

27"AO 

TX-3 

_ 2P90D 

TX-4 

31600 

2 

TZ-1 

25500 

16500 

i’SI 

TZ-2 

26000 

TZ-3 

29100 

TENSILE  MODULUS 

X 

TX  - 1 

_  12.6 

S .  5 

10*  ESI 

TX-2 

14.9 

TX-3 

12.7 

TX-4 

15.4 

z 

TZ-1 

12.6 

9.4  x 

10*  PS  I 

TZ-2 

13.0 

TZ-3 

12.6 

COMPRESSIVE  YIELD  STRENGTH * 

X 

CX-1 

16200 

15200 

PS1 

CX-2 

1 8300 

CX-3 

17700 

z 

CZ-1 

16500 

11000 

rsi 

•  CZ-2 

17000 

cz~3 

"  Tor.t  <'d  to  Ar.ii’ni!.:i-'iiL'  I  of  QATI’  105.12 


16.100 


pi.ij  si';!M\r,v 

TYi'r:  1 1 


r-ATA 

/ o. ■:  •>:;  ii;u,r.T 


TIIFKM-M. 

ppo?eiv?t**s 

BIX.I.S1*  S/K  M9091V.  (?* 

1435A)  l'7S-4 

3  •< 

THERMAL  ".XTAHSTOH 

X  <?  4000°F 

TEX-1 

3.  65 

A  h/u  x  10 ; 

•  G  400 0°F 

3.2  TO  4.: 

TEX- 2 

_ _ 

Z  (?  4000°F 

TEZ-1 

3 .  f>0 

3.1  TO  4. 

TEZ-2 

3.  52 

TFCRMAL  CCKDUCT IVITY 

LTU  IH/Hil  FT" 

Z  (?  500°F 

TCZ-1 

630 

640  -  760 

Z  (?  1500°F 

TCZ-1 

470 

410  -  430 

X  <?  5C0°F 

TCX-l 

910 

810-  965 

600  * 


X  (?  1500°F 


TCX-l 


495  -  590 


BILLET  SIZE 


'i .  :>  o 


■<  3 . 2  Y) 

BILLET  WEIGLi _ :?72v.  A _ 

• . .  *  : _ ■■  .  .  ___ _ 

IlAUIOMETPJ.C  DENSITY 

EDGE  TO  CORE  RATr0_._  J_._q07 _ 

ELD  10  Gu'uii  J».i i 1 . ji 

SIDE  TO  SIDE  C;L'.D’;':TT  n.020 


PC..O...i.i  i 

FRACTURES  (X) 

None 

&  INCLUSIONS  (Y) 

VISUAL  INSPECTION 

Accent 

PREFORM  DATA  SUNK 

ARY 

MISS1NG/DISP1.ACED 

YARN 

BUNDLES  (Z)  Done 

FIBER  ORIENTATION 

” /In  2° 

2  AXIS  BENDING 

None 

Z  ELEMENT  SPACING 

X 

i— 1 

o 

o 

Ln 

XY  LAYER  SPACING 

W/In  +  .002 

BULK  DENSITY 

1.091  ems/cc 

DENSITY  GRADIENT 

(MAX)  0.070  r.n/cc 

